Background-Atrial fibrosis is an important substrate in atrial fibrillation (AF), particularly in the setting of structural heart disease. In a canine model, congestive heart failure (CHF) produces significant atrial fibrosis and the substrate for sustained AF. This atrial remodeling is a potential therapeutic target. The objective of the present study is to evaluate the effects of the antifibrotic drug pirfenidone (PFD) on arrhythmogenic atrial remodeling in a canine CHF model. Methods and Results-We studied 15 canines, divided equally into 3 groups: control, CHF canines not treated with PFD, and CHF canines treated with PFD. CHF was induced by ventricular tachypacing (220 bpm for 3 weeks), and oral PFD was administered for the 3-week pacing period. We performed electrophysiology and AF vulnerability studies, atrial fibrosis measurements, and atrial cytokine expression studies. 
A trial fibrillation (AF) is a common clinical arrhythmia, and its management remains a challenge. Correlative data in biopsy and autopsy specimens from patients with AF have uncovered the presence of atrial fibrosis. 1, 2 Animal studies have shown atrial fibrosis to be an important substrate for AF, especially in the setting of structural heart disease. [3] [4] [5] [6] Pharmacological therapy targeted at the substrate may reduce AF vulnerability.
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Pirfenidone (PFD) is an orally active, antifibrotic drug shown to significantly attenuate and potentially reverse collagen deposition in various experimental animal models. [7] [8] [9] [10] [11] [12] We hypothesize that PFD will attenuate atrial fibrosis that is characteristic of canines with congestive heart failure (CHF). The objective of the present study was to evaluate the effects of PFD on arrhythmogenic atrial remodeling and AF vulnerability in canines with ventricular tachypacing (VTP)-induced CHF.
Methods

Animal Model
This study was approved and monitored by the Laboratory Animal Resource Center at the University of California, San Francisco, and conformed to the "Guide for the Care and Use of Laboratory Animals" (National Institutes of Health publication No. 85-23, revised 1996) . Fifteen adult mongrel canines (weight 25 to 32 kg) divided into 3 groups (nϭ5 per group) were studied: (1) control (normal animals neither paced nor treated with PFD); (2) HF (animals with VTP-induced CHF not treated with PFD); and (3) HFϩPFD (animals with VTP-induced CHF treated with PFD). Canines in the paced groups underwent placement of a singlechamber pacemaker with the pacing lead positioned in the right ventricular apex, followed by radiofrequency ablation of the AV junction to create complete heart block. Canines in the HF and HFϩPFD groups underwent 3 weeks of VTP at 220 bpm. For the animals in the HFϩPFD group, oral PFD (800 mg 3 times per day; InterMune, Brisbane, Calif) was started 2 days before the initiation of pacing and was discontinued Ͼ6 half-lives (24 hours) before the open-chest study. On follow-up, the animals underwent electrophysiological study (EPS), as described previously. 13, 14 Atrial tissues were processed for immunoblotting and histology studies.
Monitoring of the Congestive Heart Failure Model
The paced groups underwent transesophageal echocardiography at the time of pacemaker implantation and at follow-up. Follow-up studies included transthoracic echocardiography, ECG monitoring, and physical examination on a weekly basis. CHF was established by clinical signs (eg, oral mucous membrane color, lethargy, and edema) and the presence of left ventricular (LV) dysfunction on echocardiography. Left atrial (LA) size was determined by measuring the LA area by planimetry from 2D echocardiographic images (2-chamber view during diastole). LV systolic function was determined by measuring LV fractional shortening (LVFS) at the level of the papillary muscle. Two repeated measurements were made for LA area and LVFS, and the mean was used for analysis.
Electrophysiological Study
During EPS, animals were anesthetized with isoflurane and mechanically ventilated. The pacemaker rate was set at 80 bpm for the EPS. The chest was opened with a midline sternotomy. A pericardial cradle was created, and 4 high-density plaques were placed on the epicardial surface of the atria (LA free wall, LA Bachmann's bundle, right atrial [RA] free wall, and RA Bachmann's bundle; a total of 512 unipolar electrodes with an interelectrode distance of 3.5 mm), similar to that described previously. 13 Signals were sampled at 2 kHz and stored with the UnEmap system (University of Auckland, New Zealand). Neighboring plaque electrode pairs were used for bipolar stimulation at twice the diastolic threshold. Effective refractory periods (ERPs) were measured at 12 atrial sites (6 in the LA, 6 in the RA) with the single extrastimulus protocol at an 8-beat drive train with basic cycle lengths (BCLs) of 200, 300, and 400 ms. ERPs were determined in 2-ms increments. Dispersion of repolarization was taken as the coefficient of variation (SD/meanϫ100%) of the ERP at each BCL. During stimulation of the contralateral atrium, conduction velocity (CV) was calculated between pairs of plaque electrodes perpendicular to the activation wavefront with a customized software program. 15 As described previously, 15 conduction heterogeneity was quantified as the phase difference (milliseconds/millimeters), defined as the average difference in activation time between a plaque electrode and that of its neighbors normalized by the interelectrode distance. Frequency histograms were constructed for the phase differences within an atrial region. The histograms were summarized as (1) median phase (P 50 ) and (2) 5th and 95th percentile phase, or P 5 and P 95 of the distribution, respectively. To quantify conduction heterogeneity, we calculated the conduction heterogeneity index, defined as the absolute conduction heterogeneity normalized by the median phase, or P 95Ϫ5 /P 50 . The same pacing signals were used to calculate CV and phase.
AF vulnerability was assessed by single-extrastimulus pacing and an atrial burst pacing protocol that entailed pacing at 1 LA site and 1 RA site. A total of 16 burst stimulations were performed for each animal, with each atrial site receiving 8 burst pacings (4 for 6 seconds, 4 for 12 seconds) at a cycle length of 50 ms and a stimulus output of 0.5 V plus twice the diastolic threshold. AF was considered sustained if the induced episode lasted Ͼ30 minutes. If sustained AF was achieved at any point in the protocol, further testing was not performed, and the longest AF duration was taken as 1800 seconds.
Histological, Immunoblotting, and Immunohistochemistry Studies
Atrial tissue samples were fixed in 10% neutral buffered formalin. The samples were embedded in paraffin and sectioned (4-to 5-m thick) and were stained with hematoxylin and eosin, Masson's trichrome, or Sirius red. Fibrosis was quantified from the digital photomicrographs of the Sirius red-stained sections as described previously. 6 Areas containing blood vessels and perivascular interstitial cells were excluded from fibrosis quantification.
Atrial tissue samples were also frozen in liquid nitrogen for immunoblotting studies of cytokines using standard techniques. Cytokines of interest included those that have been reported to potentially play an important role in the development of AF substrate (ie, mediators of inflammation or fibrosis development). 5,16 -24 After homogenization in solubilizing buffer, atrial tissue that contained an equal amount of total protein (determined by DC Protein Assay, Bio-Rad, Hercules, Calif) was electrophoresed on a 4% to 20% Tris-glycine gel and then transferred onto a nitrocellulose filter. Nonspecific binding sites were blocked with 4% BSA, and the filter was incubated with diluted antibody and matched secondary antibody (Chemicon, Temecula, Calif). Protein bands were analyzed with a chemiluminescence detection method (NEN Life Science, Boston, Mass). Densitometry was used to quantify protein band signals from all animals under investigation. Quantitative protein levels were normalized to ␤-actin levels in each specimen run concomitantly in each lane.
Atrial distribution of the gap junction proteins connexin 43 (Cx43) and 40 (Cx40) was studied with immunohistochemistry techniques, as described previously. 13, 25 Specimens were incubated with mouse monoclonal antibody against Cx40 and rabbit polyclonal antibody against Cx43 (Dako, Glostrup, Denmark) overnight at 4°C. Incubation with FITC-labeled goat anti-rabbit (for Cx43) and Texas Red-labeled donkey anti-mouse (for Cx40) antibodies (Jackson ImmunoResearch Laboratories, West Grove, Pa) was performed. The specimens were processed and analyzed with fluorescent microscopy.
Statistical Analysis
Intragroup data variables were compared with the Friedman test. Data variables among the 3 groups (intergroup) were compared with the Kruskal-Wallis test, and if P was Ͻ0.05, follow-up comparisons of the different groups were done with the Mann-Whitney test. Proportion comparisons were performed with the Fischer exact test. Results were presented as median (25% to 75% interquartile range), and PϽ0.05 was deemed statistically significant.
The authors had full access to the data and take full responsibility for their integrity. All authors have read and agree to the manuscript as written. , and CV (E, F) findings in both atria at 3 BCLs. A, There was a trend toward an increase in LA ERPs in the HF group compared with controls at all BCLs. PFD treatment resulted in a trend toward a further increase in LA ERPs compared with the HF group at all BCLs, and this increase reached statistical significance compared with controls (PϽ0.04 for all BCLs). B, RA ERPs were similar at all BCLs (PϭNS). C, CHF resulted in a trend toward an increase in LA DOR compared with controls. LA DOR in the HFϩPFD group was similar to that in the HF group and was significantly greater than that in controls at BCLs of 200 and 300 ms (PϽ0.02). D, In the RA, CHF resulted in an increase in DOR at all BCLs compared with controls, and this increase reached statistical significance at BCLs of 200 and 400 ms (PϽ0.05). RA DOR in the HFϩPFD group was similar to that in the HF group at all BCLs (PϭNS) and was significantly greater than that in controls at BCLϭ300 ms (PϽ0.02). E, Compared with those in controls, LA CVs in the HF group decreased at all BCLs and reached statistical significance at the shortest BCL of 200 ms (PϽ0.05). PFD treatment resulted in a trend toward an increase in LA CV at all BCLs (PϭNS), and this increased CV was similar to that in controls (PϭNS at all BCLs). F, RA CVs were similar for the 3 groups at all BCLs (P ϭNS). Figure 1 ) increased significantly after 1 week of VTP, and this increase was progressive. At each weekly time point, the increase in LA area was slightly greater in the HFϩPFD group than in the HF group, although the difference between the 2 paced groups was not statistically significant.
Results
LV Function and LA Dilatation
LVFS was similar in
Clinical signs of CHF were similar between the 2 paced groups. All animals in the drug-treated group received all scheduled doses of the drug. There were no overt signs of intolerance to the drug.
Electrophysiological Parameters
Atrial ERP findings are shown in Figures 2A and 2B . In the LA, CHF resulted in a trend toward longer ERPs at all BCLs compared with controls. ERPs in the HFϩPFD group were significantly longer than those in controls (PϽ0.04 for all BCLs) but did not reach statistical significance compared with those in the HF group. In the RA, ERPs were similar in all groups.
Atrial dispersion of repolarization (DOR) measurements are shown in Figures 2C and 2D . In the LA, CHF resulted in a trend toward an increase in DOR compared with controls. LA DOR in the HFϩPFD group was not significantly different from that in the HF group at all BCLs but was significantly greater than that in controls at BCLs of 200 and 300 ms (PϽ0.02). In the RA, CHF resulted in an increase in DOR at all BCLs compared with controls, and this increase reached statistical significance at BCLs of 200 and 400 ms (PϽ0.05). RA DOR in the HFϩPFD group was similar to that in the HF group and was significantly greater than that in controls at the BCL of 300 ms (PϽ0.02).
Atrial CV findings are shown in Figures 2E and 2F , respectively. Compared with those in controls, LA CVs in the HF group were decreased at all BCLs but only reached statistical significance at the shortest BCL of 200 ms (PϽ0.05). LA CV in the HFϩPFD group was generally greater than that in the HF group and was similar to that in controls (PϭNS). In the RA, CVs were similar in all 3 groups.
Representative isochronal activation maps generated from each of the 4 individual atrial plaques (BCL 300 ms) are shown in Figure 3 . Atrial conduction was more heterogeneous (ie, more discrete areas of slow conduction) in the HF group than in controls, and this was reduced with PFD. Atrial conduction heterogeneity was analyzed quantitatively with phase maps and derivation of the conduction heterogeneity index (CHI; Figures 4A and 4B ). In the LA, CHF resulted in significantly increased CHI at all BCLs compared with controls (PϽ0.01). Treatment with PFD resulted in a significantly reduced CHI at all BCLs (PϽ0.01). The CHI in the HFϩPFD group was not significantly different from that in the control group. In the RA, there was an increase in CHI in the HF group compared with controls, and this increase reached statistical significance at BCLs of 300 and 400 ms (PϽ0.05). This increase was less than that seen in the LA. Drug treatment resulted in a decrease in RA CHI, and this decrease reached statistical significance at a BCL of 300 ms (PϽ0.05). RA CHI in the control and HFϩPFD groups was similar.
Atrial Fibrillation Vulnerability
Only canines in the HF group developed sustained AF (4/5, PϽ0.05 versus HFϩPFD group). AF duration in the remaining untreated canine with nonsustained AF was 240 seconds (induced with 6-second RA burst pacing). CHF resulted in a significant increase in mean AF duration ( Figure 5 ), from 7 (2 to 35) seconds in controls to 1800 [1020 to 1800] seconds in the HF group (PϽ0.01); PFD treatment resulted in a significant reduction in mean AF duration to 6 (5 to 22) seconds (PϽ0.01 versus HF), which was similar to that in controls.
Histological Findings
Representative LA sections stained with Sirius red are shown in Figure 6 . Histological evaluations of all control atria were normal. However, LA sections of HF canines had extensive interstitial fibrosis, with prominent myocyte hypertrophy and cell loss. PFD treatment resulted in significant attenuation of interstitial fibrosis. Histological alterations were also seen in the RA (not shown) of the HF group, although they were much less extensive than those in the LA.
There was a significant increase in percentage LA fibrosis (Figure 7) Shown in Figure 8 are LA cytokine immunoblotting results with corresponding protein band density measurements for transforming growth factor (TGF)-␤1, total extracellular signal-regulated protein kinase-1 and -2 (ERK[1/2]), total c-Jun N-terminal kinase (JNK), total p38, tissue inhibitor of metalloproteinase (TIMP)-4, active matrix metalloproteinase (MMP)-9, and tumor necrosis factor (TNF)-␣. CHF resulted in an increase in TGF-␤1, JNK, MMP-9, and TNF-␣ (Pϭ0.05), whereas PFD resulted in a decrease in each of these cytokines (Pϭ0.05). CHF also resulted in a trend toward a small increase in ERK1/2 and p38 and resulted in a large decrease in TIMP-4 (Pϭ0.05), whereas PFD resulted in Figure 4 . Atrial CHI findings. A, CHF resulted in a significant increase in LA CHI compared with controls at all BCLs (PϽ0.01). PFD treatment resulted in a significant decrease in LA CHI compared with the HF group at all BCLs (PϽ0.01), and this reduced CHI was similar to that seen in controls. B, CHF resulted in an increase in RA CHI at all BCLs and reached statistical significance at BCLs of 300 and 400 ms (PϽ0.05), although this increase was not as large as that seen in the LA. PFD resulted in a decrease in RA CHI and reached statistical significance at a BCL of 300 ms (PϽ0.05). a trend toward a small decrease in ERK1/2 and p38 and a large increase in TIMP-4 (Pϭ0.05). Spatial distribution of Cx43 and Cx40 in the LA was similar in the 3 groups (Data Supplement).
Discussion
In this study, we investigated the effects of a unique antifibrotic agent on CHF-induced atrial fibrosis and vulnerable substrate for AF. Although CHF produced marked arrhythmogenic atrial remodeling with increased AF vulnerability, PFD treatment resulted in a significant reduction in atrial fibrosis, conduction heterogeneity, and AF vulnerability.
Atrial Remodeling and Atrial Fibrillation
Atrial interstitial fibrosis can lead to increased nonuniform anisotropy in conduction 26, 27 and has been found to be an important substrate for AF. 3, 5 Canines in the present study developed significant LA fibrosis, LV dysfunction, and LA dilatation after 3 weeks of VTP, an outcome that was similar to results reported by others. 3, 4 These animals had a significant increase in atrial conduction heterogeneity and AF vulnerability. Although animals that were treated with PFD had similar severity of CHF and degree of LA dilatation as their untreated counterparts, the drug-treated group had a significant reduction in arrhythmogenic atrial remodeling, with reduced AF vulnerability.
In a similar canine model of pacing-induced CHF, Li et al 3 observed an increase in atrial ERPs. Here, we observed a trend toward an increase in LA ERP in canines with CHF. This initial increase in LA ERP may be caused in part by an electrophysiological effect from atrial dilatation (from CHF), as has been reported. 28, 29 A progressive lengthening in LA ERP was observed with PFD treatment, and this lengthening may be caused by a further increase in atrial dilatation because less interstitial fibrosis is present. It is unlikely that these effects are a primary effect of PFD, because the drug was stopped Ͼ6 half-lives before the EPS, and because no alteration in RA ERP was observed.
Although CHF resulted in an increase in conduction heterogeneity and a decrease in CV, treatment with PFD prevented these changes. These effects are consistent with the histological finding of increased atrial fibrosis in the HF group that was markedly attenuated with PFD, with elimina- Figure 6 . LA histological findings (Sirius red stained). A marked increase in interstitial fibrosis in the HF group was seen compared with controls. PFD resulted in markedly less fibrosis. Magnifications ϫ50, ϫ100, and ϫ400. tion of AF vulnerability. Li et al 5 found an almost 10-fold increase in atrial fibrosis in their CHF canines (5 weeks of VTP) compared with controls. They also found that the increased atrial fibrosis was associated with increased conduction heterogeneity and increased AF vulnerability. In the present study, CHF resulted in an almost 5-fold increase in atrial fibrosis, and this was associated with increased conduction heterogeneity and AF vulnerability. Although Li et al 5 found that treatment of CHF canines with enalapril resulted in a marked reduction in atrial fibrosis, with reduced conduction heterogeneity and AF vulnerability, the AF vulnerability was still significantly greater than that in controls. In contrast, we found that PFD treatment of CHF canines significantly reduced not only conduction heterogeneity but also AF vulnerability to levels similar to those in controls, although the reduced level of atrial fibrosis was still significantly greater than that in controls. This reduction in AF vulnerability was mostly accounted for by a marked reduction in the number of sustained AF episodes. We speculate that a certain threshold amount of atrial fibrosis is required to maintain AF, and when this threshold is not met, conduction heterogeneity will be insufficient, and AF episodes will not be sustained.
Effects of Pirfenidone
Mitogen-activated protein kinases (MAPKs) mediate the effects of angiotensin II on the tissue level. 16 Li et al 5 reported that in a canine model, VTP-induced CHF resulted in increased expression of the major MAPK subfamilies, including ERK, JNK, and p38 (total and phosphorylated). They found that treatment with enalapril resulted in a reduction in ERK and JNK (both total and phosphorylated forms). Interestingly, they also found that treatment with enalapril resulted in no effect on phosphorylated p38 and a small increase in total p38. In the present study, CHF resulted in an increase in all 3 MAPKs: a significant increase in total JNK and a trend toward a small increase in total ERK and total p38. PFD treatment resulted in a large decrease in total JNK and a trend toward a small decrease in total ERK and total p38. It has been reported that PFD decreases TGF-␤1 expression, 30 which we have also found in our model, and this decrease in TGF-␤1 may influence MAPK expression or downstream signaling.
Atrial extracellular matrix homeostasis is regulated by a balance of MMPs and their endogenous inhibitors (TIMPs), with TIMP-4 being the most cardiospecific. 31 The roles of AF and CHF in MMP and TIMP expression are complex. AF itself may differentially modulate MMP and TIMP expression. 32 Furthermore, AF often occurs in the setting of CHF, which also affects MMP and TIMP expression. 33 In the present study, MMP-9 was increased with CHF (with a concomitant increase in LA size) and was decreased with PFD treatment (with a concomitant decrease in AF vulnera- bility). Anné et al 34 found no difference in MMP-9 expression in mitral valve disease patients with and without AF. Recently, Mukherjee et al 32 found that LA MMP-9 was greater in CHF patients with AF than in those without AF. Nakano et al 20 reported that MMP-9 was significantly increased in patients with paroxysmal or chronic AF. In that study, interestingly, LA diameter in patients with paroxysmal AF was similar to that in patients with sinus rhythm, and the authors speculated that MMP-9 itself may promote arrhythmogenic atrial remodeling, with increased AF vulnerability.
Results from the present study implicate MMP-9 as a potential contributor to arrhythmogenic atrial remodeling.
The role of TIMPs in atrial remodeling and AF vulnerability has also been studied. Boixel et al 21 have found that progressive CHF and LA fibrosis are not associated with an upregulation of TIMP-4. Anné et al 34 found no difference in TIMP-4 expression in mitral valve disease patients with or without AF. In contrast, we found a change in TIMP-4 with CHF. Part of the discrepancy in the present findings may be accounted for by the differences in the experimental model under study. Although we observed an increase in MMP-9 with CHF, surprisingly, it was not associated with an increase in TIMP-4, and instead, we found a reduction in TIMP-4. This reduction would favor increased collagen deposition. This dysregulation in MMP-9 and TIMP-4 expression may have played a significant role in the development of marked atrial fibrosis. The effects of PFD included an attenuation of MMP-9 expression and an increase in TIMP-4 expression. These effects blunted the alteration in MMP/TIMP stoichiometry, which helped to restore atrial extracellular matrix homeostasis, resulting in less atrial fibrosis.
Recent studies suggest that inflammation may play an important role in promoting AF. 35, 36 However, the role of specific inflammatory cytokines in AF is not clear. Goette et al 22 and Anné et al 34 have found no significant increase in TNF-␣ in humans with AF. More recently, in a transgenic mouse model of cardiomyopathy that overexpressed TNF-␣, Saba et al 36 found both alterations in atrial morphology (increased fibrosis) and abnormalities in action potential propagation and calcium handling in atrial myocytes with an increased susceptibility to atrial arrhythmias. However, it is unclear from this particular study how much of the proarrhythmia risk is accounted for by TNF-␣ itself versus how much is accounted for by severe ventricular failure and the associated alterations in other important cytokines. In the present study, we observed an increase in TNF-␣ with CHF, and this increase may have played a role in elevating MMP-9 levels. 24 PFD has been found to reduce TNF-␣ expression, 37 and we observed a similar effect. The reduction in TNF-␣ may have contributed to the reduction in MMP-9.
Previous work from our laboratory has shown that overexpression of TGF-␤1 in transgenic mice resulted in increased atrial fibrosis, conduction heterogeneity, and AF vulnerability. 6 PFD has been shown to reduce expression of TGF-␤1, with a significant reduction in fibrosis in multiple experimental animal models, including those of lung, 30 hepatic, 38 and renal 8, 9, 39 fibrosis. We observed similar results: CHF resulted in an increase in TGF-␤1 and atrial fibrosis, and PFD treatment resulted in a marked reduction in both.
Alterations in expression and distribution of gap junction proteins have been reported to play a role in promoting AF. 40, 41 Although PFD attenuated arrhythmogenic atrial remodeling and reduced AF vulnerability, it did not appear to alter the atrial spatial distribution of Cx40 and Cx43.
PFD has been reported to have broad antifibrotic and anti-inflammatory effects. 7, 10, 30, [42] [43] [44] The present results suggest that PFD attenuates CHF-related arrhythmogenic atrial remodeling via a complex set of actions, affecting multiple levels and components of the fibrosis formation and degradation signaling cascade.
Clinical Implications
In most patients, AF has traditionally been treated with antiarrhythmic drugs, with their accompanying proarrhythmia risks. Pharmacological therapy targeted at the underlying substrate has been investigated. 5, 45 Although angiotensinconverting enzyme inhibitors and angiotensin II type 1 receptor antagonists have been shown to be effective in attenuating arrhythmogenic atrial remodeling, these studies have only shown a blunting of AF vulnerability, perhaps because of the complex, redundant pathways for atrial fibrosis formation. Because it has the potential to attenuate increases in all 3 major cardiac MAPKs, PFD may be a more potent antifibrotic drug. We investigated this drug with no known hemodynamic effects and found it to have striking beneficial effects on arrhythmogenic atrial remodeling.
Study Limitations
Serum drug levels were not monitored during the present study. Doses were extrapolated from presumed optimal doses based on known pharmacokinetics of the compound. It is not known whether higher doses would be more effective or lower doses equally effective. The present study did not investigate whether concomitant use of other agents used to treat CHF (eg, angiotensin II type 1 receptor antagonists, angiotensin-converting enzyme inhibitors, endothelin-1 receptor antagonists, ␤-adrenoceptor antagonists, or aldosterone antagonists) would have additive effects against atrial fibrosis formation. It is possible that agents used to treat CHF directly (ie, those that affect hemodynamics) may augment or complement the action of PFD, because this drug has no known vasoactive (afterload reduction) properties.
Although the effects of PFD on various important cytokines are shown here, its specific actions on these proteins (ie, whether it is selective for the MAPKs or acts on other pathways responsible for fibrosis) remain to be elucidated. It is not known, and not likely, that this drug intervention would affect the substrate of primary electrical remodeling due to AF itself ("AF begets AF"), because PFD has no known direct electrophysiological effects. However, this was not studied as part of the present investigation.
Atrial fibrosis and CHF are but one substrate for AF. Other mechanisms of increased AF vulnerability (eg, delayed afterdepolarization in nonischemic CHF) warrant consideration, but they were not part of the present investigation. PFD has broad antifibrotic and antiinflammatory effects, and additional effects beyond those studied here also warrant further investigation.
